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Supplementary Note 1: mathematical formulation of features
First order (FO)
Let Ω be the domain where the features were computed on, that is, the ROIs of RCC and CK computed over all slices, and N
the number of pixels in Ω. Let also pxi be the probability of each pixel value xi ∈ Ω.
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maximum value, max = max
xi
(Ω) (4)
mof last decile, m90th = m(x ∈ xi ≥ x90th) (5)
Mof last decile, M90th = M(x ∈ xi ≥ x90th) (6)





Mabsolute deviation, MAD = M(|xi −M(Ω)|) (8)
interquartile range, iqr = Mupper hal f −Mlower hal f (9)







uniformity, u = ∑ p2xi (11)
entropy, e =−∑i pxi log2 (pxi) (12)
kurtosis, k =
1
N ∑i(xi − x)
4( 1
N ∑i(xi − x)2
)2 −3 (13)
Second order texture features based on GLCMs
Let q(i, j) be the (i, j)−th entry in the GLCM quantized in Ng levels. Features’ formulation is reported below according to the
following notations:
qx(i) = ∑ j q(i, j)
qy( j) = ∑i q(i, j)
}
equal for symmetric GLCMs (14)
µx = ∑i ∑ j i ·q(i, j)
µy = ∑i ∑ j j ·q(i, j)
}
µ , equal for symmetric GLCMs (15)
σx = ∑i ∑ j (i−µx)2 ·q(i, j)
σy = ∑i ∑ j ( j−µy)2 ·q(i, j)
}










q(i, j)||i− j|=k, where k = 0,1, ...,Ng −1 (18)
HX =−∑i qx(i) · logqx(i)
HY =−∑i qy(i) · logqy(i)
}
equal for symmetric GLCMs (19)
HXY =−∑
i





q(i, j) · log [qx(i) ·qy( j)] (21)
Then, the features are as follows:
autocorrelation, autoc = ∑i ∑ j (i, j) ·q(i, j) (22)
correlation, corr =
∑i ∑ j (i, j)q(i, j)−µxµy
σxσy
(23)
cluster prominence, cprom = ∑i ∑ j (i+ j−µx −µy)4 ·q(i, j) (24)
homogeneity, homom = ∑i ∑ j
q(i, j)
1+(i− j)2 (25)
maximum probability, maxpr = max
i, j
q(i, j) (26)
contrast, contr = ∑i ∑ j (i− j)2q(i, j) (27)
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cluster shade, cshade = ∑i ∑ j (i+ j−µx −µy)3 ·q(i, j) (28)
variance, sosvh = ∑i ∑ j (i−µ)2q(i, j) (29)
dissimilarity, dissi = ∑i ∑ j |i− j| ·q(i, j) (30)
energy, energ = ∑i ∑ j q(i, j)2 (31)
entropy, entro =−∑i ∑ j q(i, j) log2(q(i, j)) (32)












































qx+y(k) · log(px+y(k)) (40)
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Supplementary Figure S1: comparison of interpolation methods
Figure 1. For patients ID088, ID351, and ID043, CT images resampled at vss and vls with Linear (left), Akima (centre), and
Lanczos (right) interpolation methods. The EME-IQ scores of each image are reported and the best results are highlighted in
upsampling (light blue) and downsampling (light green). For each vs, the best image is highlighted with a coloured square
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Supplementary Figure S2: robustness of each feature class
Figure 2. Robustness of each feature class, FO (a,b), GLCM2D (c,d), and GLCM3D (e,f) against all the 29 perturbations,
for RCC (a,c,e) and CK (b,d,f), respectively.
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